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27 (HSP27) or a nucleic acid encoding HSP27. In addition,
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the following steps: processing endothelial cell lines into
samples, respectively; measuring the content of HSP27 in an
endothelial cell line; and selecting the sample in which the
content of HSP27 in an endothelial cell line is increased
compared with a control group.
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1
PHARMACEUTICAL COMPOSITION FOR
SUPPRESSING ANGIOGENESIS, AND
METHOD FOR SCREENING ACTIVE
MATERIAL FOR SUPPRESSING
ANGIOGENESIS

CROSS REFERENCE TO RELATED
APPLICATIONS

This is the U.S. National Stage of International Application
No. PCT/KR2011/006066, filed Aug. 18,2011, which in turn
claims priority to and the benefit of Korean Patent Applica-
tion No. 10-2010-0079858, filed Aug. 18, 2010, which is
hereby incorporated by reference in its entirety.

TECHNICAL FIELD

The present invention relates to a pharmaceutical compo-
sition for inhibiting (or suppressing) angiogenesis and a
method of screening active substances for inhibiting angio-
genesis, and more particularly, to a pharmaceutical composi-
tion for inhibiting angiogenesis, containing a heat shock pro-
tein (HSP), which is revealed to impede growth of vascular
endothelial cells, a pharmaceutical composition for treating
cancer, a method of screening active substances for inhibiting
angiogenesis by selecting a material increasing an amount of
the HSP, and a method of screening active substances for
treating cancer by selecting the material increasing an amount
of the HSP.

BACKGROUND ART

Angiogenesis is a process of forming new capillaries as
endothelial cells of pre-existing blood vessels decompose
extracellular matrix, migrate, divide, and differentiate to form
new capillaries, which does not occur except in a particular
case, such as growth, reproduction, or healing wounds. How-
ever, excessive angiogenesis has been reported in diseases
such as growth and metastasis of a malignant tumor, age-
related macular degeneration, rheumatoid arthritis, diabetic
retinopathy, psoriasis, and chronic inflammation (Cameliet
and Jain, Nature, 407:249, 2000). In this regard, the treatment
of angiogenesis-related ailments, particularly treating a
malignant tumor, using an angiogenesis inhibitor, has been
studied (WO2008153237).

Formation of blood vessel requires a complicate set of
processes including growth, migration, and division of vas-
cular endothelial cells, and formation of capillaries, and many
vascular endothelial growth factors and vascular endothelial
inhibition factors involved in the set of processes have been
discovered. The vascular endothelial inhibition factors are
activated against activity of the vascular endothelial growth
factors, which are necessary in the formation of blood vessel.
The vascular endothelial inhibition factors naturally existing
in a body is less toxic, and thus may be used in pathological
inhibition of new blood vessel formation. Therefore, many
pharmaceutical products related to the pathological inhibition
of new blood vessel formation are under development.

A vascular endothelial growth factor (VEGF) is a typical
protein controlling formation of blood vessel. The VEGF
controls new blood vessel formation from differentiation of
endothelial precursor cells (angioblasts) in situ, is expressed
in gestational tissue, macrophages, and hyperplastic epider-
mal keratinocytes during would healing, and may become a
cause of tissue edema related to inflammation. According to
an in situ hybridization research, it has been proved that the
VEGF is highly expressed in a plurality of human tumor cell
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lines including glioblastoma multiforme, hemangioblastoma,
central nervous system neoplasms and AIDS-related kaposi’s
sarcoma (W02008153237).

The VEGF combines with a VEGF receptor 1, 2, or 3
(VEGFR1, VEGFR2, or VEGFR3) present in vascular endot-
helial cells, induces tyrosine phosphorylation of the VEGF
receptor, and brings activation of the vascular endothelial
cells, and thus consequently, the VEGF has a profound effect
on the process of angiogenesis. Among them, phosphoryla-
tion of VEGFR2 serves as the most important receptor in an
angiogenesis signal transduction mechanism. The VEGF is
up-regulated in malignant tumor cells in which angiogenesis
is involved, and the VEGF receptor is also up-regulated in
tumor-infiltrating vascular endothelial cells, but expression
ofa VEGF and its receptor in normal cells unrelated to angio-
genesis is low. Accordingly, in such normal cells, interaction
between the VEGF and its receptor is blocked, and angiogen-
esis is inhibited, and thus tumor growth does not occur.

A high level of VEGFR2 is expressed by epidermal cells
infiltrating into glioma and specifically up-regulated by
VEGF produced from human glioblastoma. Since VEGFR2
transcript is almost not detected in normal cerebrovascular
endothelial cells, the high level of VEGFR2 expressed in
gliblastoma related epithelial cells (GAEC) indicates induce-
ment of receptor activity during tumor formation.

Therefore, research for treating cancer by inhibiting an
activity of VEGF expressed at a tumor growing area to sup-
press angiogenesis and thus inhibit growth of a tumor, has
actively progressed. Among medications using the VEGF as
a target, the most typical medication that is clinically used is
Avastin™, which corresponds to a VEGF neutralizing anti-
body and is approved by the FDA as an anti-tumor agent.

Heat shock protein 27 which is a protein with a low
molecular weight and has a charperon activity, self-aggre-
gates to form clusters with respect to external environment
factors, such as free radicals, heat, toxins, or the like, and thus
has a defense ability to the external environment factors
(NCBI Gene Bank Accession Number: NP__001531.1).
Secretion of HSP27 with a low molecular weight (HSP27 is
produced in a human, and HSP25 is produced in a rat) has
been confirmed by the present inventors. Many functions of
the HSP27 are known, for example, the HSP27 combines
with a protein inducing apoptosis of cancer cells and
increases resistance of cancer cells to radiation and anticancer
drugs (Oncogene. 2005 May 26; 24(23):3715-25). However,
the relationships of HSP27 with VEGF function inhibition,
angiogenesis inhibition, or cancer treatment are not known.

DETAILED DESCRIPTION OF THE INVENTION

Technical Problem

The inventors have studied to invent a material effective for
inhibiting angiogenesis and discovered for the first time that
HSP27 inhibits growth of vascular endothelial cells by inhib-
iting the activation of VEGFR2 induced by VEGF. Based on
this discovery, the inventors have developed a composition
for inhibiting angiogenesis and a method of screening active
substances for inhibiting angiogenesis.

Thus, the present invention provides a new pharmaceutical
composition for inhibiting angiogenesis.

The present invention also provides a pharmaceutical com-
position for treating cancer.

The present invention also provides a method of inhibiting
growth of vascular endothelial cells in vitro.

The present invention also provides a method of screening
active substances for inhibiting angiogenesis.

The present invention also provides a method of screening
active substances for treating cancer.
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Technical Solution

According to an aspect of the present invention, there is
provided a pharmaceutical composition for inhibiting angio-
genesis, the pharmaceutical composition comprising heat
shock protein 27 (HSP27).

According to another aspect of the present invention, there
is provided a pharmaceutical composition for treating cancer,
wherein the pharmaceutical composition comprises HSP27.

According to another aspect of the present invention, there
is provided a pharmaceutical composition for inhibiting
angiogenesis, comprising a nucleic acid coding HSP27.

According to another aspect of the present invention, there
is provided a pharmaceutical composition for treating cancer,
comprising a nucleic acid coding HSP27.

According to another aspect of the present invention, there
is provided a method of inhibiting growth of vascular endot-
helial cells in vitro using HSP27.

According to another aspect of the present invention, there
is provided a method of screening for active substances for
inhibiting angiogenesis, the method comprising treating vas-
cular endothelial cell lines with each specimen; measuring
the content of HSP27 in the vascular endothelial cell lines;
and selecting a specimen in which the HSP27 content in the
vascular endothelial cell lines are increased as compared to a
control group.

According to another aspect of the present invention, there
is provided a method of screening for active substances for
treating cancer, the method including treating vascular endot-
helial cell lines with each specimen; measuring the content of
HSP27 in the vascular endothelial cell lines; and selecting a
specimen in which HSP27 content in the vascular endothelial
cell lines are increased as compared to a control group.

Hereinafter, the present invention is described in greater
detail.

Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which this invention
belongs. Although any methods and materials similar or
equivalent to those described herein can also be used in the
practice or testing of the present invention, a limited number
of'the exemplary methods and materials are described herein.
All publications mentioned herein are incorporated herein in
their entirety.

As provided by the present invention, a pharmaceutical
composition for inhibiting angiogenesis and a pharmaceuti-
cal composition for treating cancer are featured in containing
heat shock protein 27 (HSP27). That is based on the present
inventors’ first discovery that VEGFR2 phosphorylation is
reduced by HSP27, VEGFR2 phosphorylation is increased
when a function of HSP27 is inhibited, growth of vascular
endothelial cells is reduced as a result of actually treating the
vascular endothelial cells with HSP27, and HSP27 has an
anti-cancer effect when it is administered into an animal
having a cancer.

The present inventors specifically made experiments and
found out the following things. Particularly, when a human
vascular endothelial cells (HUVEC) culture is treated with
vascular endothelial growth factor (VEGF) only, or is treated
with VEGF after it is treated with HSP27 protein or HSP27
neutralizing antibody, a growth rate of the vascular endothe-
lial cells is increased in the VEGF only—treated group com-
pared to a control group, a growth rate of vascular endothelial
cells is significantly decreased in the combination of HSP27
and VEGF-treated group compared to the VEGF only—
treated group, and a growth rate of vascular endothelial cells
is significantly increased in the combination of HSP27 neu-
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tralizing antibody and VEGF combination—treated group
compared to the VEGF only-treated group (FIG. 1). Also,
after treating a HUVEC culture with HSP27 protein or
HSP27 neutralizing antibody, the HUVEC culture was
treated with VEGF, and then the amounts of phsopho-
VEGFR2, VEGFR2, and HSP27 were measured. As a result,
in the case of the HSP27 protein-treated group, an amount of
phospho-VEGFR?2 significantly decreased compared to the
control group (administered with IgG), and the amounts of
VEGFR2 and HSP27 had almost no change (FIG. 2). In the
case of the HSP27 neutralizing antibody-treated group, an
amount of phosphor-VEGFR?2 significantly increased com-
pared to the control group (administered with IgG), and the
amounts of VEGFR2 and HSP27 had almost no change (FIG.
3). Also, colon cancer cell lines are injected to a thigh of a
mouse to grow a tumor, and then HSP25 protein is adminis-
tered to the mouse. As a result, it was shown that the HSP25
protein inhibited excessive formation of tumor blood vessels
and inhibited growth of the colon cancer cell lines (FIGS. 4
and 5).

Therefore, it is shown that HSP27 inhibits growth of vas-
cular endothelial cells and HSP27 function inhibitor (e.g.,
HSP27 neutralizing antibody) promotes growth of vascular
endothelial cells. It can be inferred that such results are
caused by a function of HSP27 which inhibits phosphoryla-
tion of VEGFR2. Also, it can be inferred that HSP27 has an
anti-cancer effect by inhibiting growth of vascular endothe-
lial cells. Thus, it can be said that HSP27 or a material pro-
moting expression of HSP27 is effective in inhibiting angio-
genesis and thus it is effective for treating a malignant tumor.

Therefore, an aspect of the present invention provides a
pharmaceutical composition for inhibiting angiogenesis,
comprising HSP27.

Said angiogenesis may be accompanied by a disease, such
as growth and metastasis of a malignant tumor, age-related
macular degeneration, rheumatoid arthritis, diabetic retin-
opathy, psoriasis, or chronic inflammation, but is not limited
thereto. Also, angiogenesis may be accompanied by any ail-
ments which are caused or progressed by angiogenesis.

Also, the present invention provides a pharmaceutical
composition for treating cancer, comprising HSP27.

The cancer may be colon cancer, pancreatic cancer, col-
orectal cancer, prostate cancer, kidney cancer, melanoma,
bone-metastatic cancer in prostate cancer, ovarian cancer, or
hematologic malignancy, but is not limited thereto, and the
cancer includes any cancer in which involve angiogenesis.

The amino acid sequence and nucleic acid sequence of
HSP27 contained in the pharmaceutical composition for
inhibiting angiogenesis and the pharmaceutical composition
for treating cancer are registered in NCBI Gen Bank Acces-
sion Number: NP_001531.1 and NM__001540.3. HSP27
contained in the pharmaceutical compositions according to
the present invention includes naturally occurring HSP27,
HSP originated from recombination, or the variants of the
proteins.

Amino acid sequence variants may be a substituted variant
which are formed by substituting original one or more amino
acids with another amino acid sequence with a similar polar-
ity. An amino acid may be substituted by another amino acid
corresponding to the same type to which the original amino
acid belongs. The type of amino acid may be for example
non-polar (hydrophobic) amino acid (e.g., alanine, leucine,
isoleucine, valine, proline, phenylalaline, tryptophan,
methionine, etc.), polar neutral amino acid (e.g., glycine,
serine, threonine, cysteine, tyrosine, asparagines, glutamine,
etc.), positive charge (basic) amino acid (e.g., arginine,
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lysine, histidine, etc.), or negative charge (acidic) amino acid
(e.g., aspartic acid, glutamic acid, etc.).

The other amino acid sequence variant may be a variant by
deletion, insertion, or combination thereof.

Site-directed mutagenesis of a nucleotide in DNA that
codes HSP27 protein may be produced by the processes that
DNA encoding variants are prepared by using common cas-
sette mutagenesis or a well-known technique in the art, and
then the DNA is expressed through recombinant cell culture
to prepare an amino acid sequence variant. The amino acid
sequence variant has the same biological activity as its wild-
type. Substitution of amino acid is typically substitution of a
single nucleotide, but as long as the amino acid has the same
biological activity, substitution of two or more amino acids is
possible. Also, the insertion may be normally achieved with a
continuous sequence of about 1 to 20 amino acids, but inser-
tion of longer amino acids sequence may also be possible. A
range of deletion is normally about 1 to 30 amino acid resi-
dues, but in some cases, a deletion of longer amino acids
sequence, such as deletion of one of the domains, is possible.
A variant is a functional equivalent that has the same biologi-
cal activities as its wild type, but if necessary, a variant with
transformed protein characteristics may be selected.

Also, the HSP27 protein may be modified after translation
including myristylation, phosphorylation, glycosylation, or
proteolytic cleavage.

The HSP27 protein may be obtained by separating from a
natural resource using a well-known method in the art, by
using a chemical synthesis method, or by introducing a
recombinant expression vector that codes HSP27 protein into
an appropriate host, culturing the resulting transfactants, and
separating HSP27 from the transfactants.

Separation and purification of HSP27 protein from a cul-
ture medium or cell extract may be performed by many
known methods. Examples of the separation and purification
methods include a method using solubility such as salt pre-
cipitation and solvent precipitation, a method using a difter-
ence between molecular weights such as dialysis, ultrafiltra-
tion, gel filtration, and SDS-polyacrylamide gel
electrophoresis, a method using a difference between charges
such as ion-exchange column chromatography, a method
using a difference between hydrophilicity such as reversed-
phase high-performance liquid chromatography, and a
method using a difference between isoelectric points such as
isoelectric focusing electrophoresis.

Also, according to another aspect of the present invention,
a pharmaceutical composition for inhibiting angiogenesis,
containing a nucleic acid coding HSP27, is provided.

Angiogenesis may be accompanied by a disease such as
growth and metastasis of a tumor, age-related macular degen-
eration, rheumatoid arthritis, diabetic retinopathy, psoriasis,
or chronic inflammation, but is not limited thereto. Also,
angiogenesis may be any angiogenesis accompanied by any
diseases.

Also, another aspect of the present invention provides a
pharmaceutical composition for treating cancer, comprising a
nucleic acid coding HSP27.

The cancer may be colon cancer, pancreatic cancer, col-
orectal cancer, prostate cancer, kidney cancer, melanoma,
metastatic prostate cancer, ovarian cancer, or hematologic
cancer, but is not limited thereto, and the cancer includes any
cancer involving angiogenesis.

The nucleic acid contained in the pharmaceutical compo-
sition of the present invention is a sequence coding HSP27
which may be obtained by separating from nature or by arti-
ficially synthesizing and transforming.
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The nucleic acid sequence may be a single or double
stranded chain, and a DNA molecule (genomic, cDNA, or
synthesis) or an RNA molecule. The RNA molecule may
include a HnRNA molecule corresponding to a DNA mol-
ecule including intron and a mRNA molecule that does not
include intron. Also, the RNA molecule may include an addi-
tional coding sequence or a non-coding sequence.

The nucleic acid coding HSP27 may be transformed by
substitution, deletion, or insertion of one or more nucleic
acids, and the protein expressed as a result of the transforma-
tion should not be changed in the aspects of biological func-
tion of the original protein. The transformation includes
transformation of heterologous genes to homologous genes.

The nucleic acid coding HSP27 may be provided as a
recombinant expression vector in which the sequence is
operatively linked to a vector. The vector includes a plasmid,
phage, cosmid, or viral vector. The vector may self-replicate
or may be integrated to host DNA.

The HSP27 nucleic acid molecule may bind to an expres-
sion control sequence, such as a promoter/enhancer
sequence, and other sequences necessary for transcription,
translation, or processing. The control sequence includes a
tissue-specific control and/or inductive sequence in addition
to a sequence directing constitutive expression of the nucle-
otides. Design of the expression vector may be determined by
factors such as host cells for the transfection, a desired level of
expression, and the like.

The expression vector expressing HSP27 may be prefer-
ably a virus vector including, for example, a replication-
defective retrovirus, adenovirus, or adenovirus-related virus.
The virus vector needs to satisty the following criteria: (1) the
virus vector should be capable of infecting desired cells, and
thus a virus vector having an appropriate host range needs to
be selected, (2) the delivered genes should be able to be
preserved and expressed in the cells for an appropriate period
of time, and (3) the virus vector should be safe for the host.
Other virus vectors that may be used for delivering the genes
into the cells include murine leukemia virus (MLV), IC,
SV40, polyoma, Epstein-Barr virus, papilloma virus, vac-
cinia, polio virus, herpes virus, sindbis virus, lenti virus, and
other human or animal virus.

Also, the pharmaceutical compositions comprising HSP27
of the present invention may be administered by being for-
mulated as a formulation for topical administration or an
injection according to a common method known in the phar-
maceutical field.

The formulation for topical administration or injection
may be manufactured according to an injection manufactur-
ing method commonly known in the art.

The formulation for topical administration includes a lig-
uid phase or semi-liquid phase formulation appropriate for
penetration to a treatment-needed area through the skin. An
example of the liquid phase formulation may be a topical
solution, but is not limited thereto. Examples of the semi-
liquid phase formulation may be liniment, lotion, cream,
ointment, paste, gel, emugel, or the like, but are not limited
thereto. The pharmaceutical formulations are commonly
used and commonly known to one of ordinary skill in the art
of pharmaceutical formulations.

The topical solution of the present invention may be manu-
factured as a watery or oily solution or a suspension. This
formulation may be manufactured by dissolving a pharma-
ceutical compound in an appropriate watery solution of a
bactericidal agent, fungicide, and/or an appropriate preserv-
ing agent preferably including a surfactant. A solvent appro-
priate for manufacturing an oily solution may include glyc-
erol, diluted alcohol, or propylene glycol.
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The lotion and liniment according to the present invention
include a sterilized watery solution and a solution selectively
containing germicide that is appropriate to be applied to skin.
Also, the lotion and liniment may include a formulation that
promotes drying and cooling the skin, such as alcohol or
acetone, and/or a humectant, such as glycerol or oil such as
castor oil or peanut oil.

The cream, ointment, or paste is a semi-solid formulation.
The semi-solid formulation may be manufactured solely or as
a solution or suspension in watery or non-watery fluid with a
help of an appropriate machine in addition to an oily or
non-oily base by mixing a finely divided salt or a powder-type
salt that is pharmaceutically available. The base may include
a hydrocarbon. Examples of the hydrocarbon may be a hard,
soft, or liquid paraftin, glycerol, wax, metal soap, mucus, a
natural oil (e.g., almond oil, corn oil, peanut oil, or olive oil),
wool fat, derivatives thereof, and/or fatty acid (e.g., stearic
acid or oleic acid), but are not limited thereto. The formula-
tion may contain a surfactant, such as a cationic, anionic, or
non-ionic surfactant. Examples of the surfactant may be sor-
bitan ester or a polyoxyethylene derivative thereof (e.g., poly-
oxyethylene fatty acid ester), and a carboxymethylene deriva-
tive thereof (e.g., carbopol). The formulation may include a
suspending agent such as natural gum, a cellulose derivative
inorganic material such as silica, and other components such
as lanolin. In a case of the ointment, polyethylene glycol 540,
polyethylene glycol 3350, and propyl glycol may also be used
as mixing with the pharmaceutical compound.

The gel or emugel formulation includes any gel-forming
agents that are commonly used in a pharmaceutical formula-
tion. Examples of the random gel-forming agent may be
cellulose derivatives such as methyl cellulose, hydroxyethyl
cellulose, and carboxymethyl cellulose; vinyl polymers such
as polyvinyl alcohol and polyvinylpyrrolidone; and carboxy-
polymethylene derivatives such as carbopol. Alternatively,
another gel-forming agent that may be used in the present
invention includes pectin or gum (e.g.: gum Arabic, gum
tragacanth, alginate, carrageenate, agar, and gelatin. Also, the
gel or emugel formulation may include additives commonly
used in a type of formulation, such as preservatives, antioxi-
dants, stabilizing agents, coloring agents, or aromatics.

The excipients and additives used in the formulations as
mentioned above and a method of preparing the formulations
may be selected and prepared according to a widely-known
method in the art (e.g., methods disclosed in the latest version
of Remington’s Pharmaceutical Science).

A dose and time for administering the pharmaceutical
compositions containing HSP27 of the present invention
depend on age, gender, physical condition, and weight of a
subject to be administered the pharmaceutical compositions,
route and number of administrations, and a formulation of
drug. An amount of an administration per day may be in a
range of about 0.01 ug/kg to about 10 g/kg, and preferably, in
a range of about 0.01 mg/kg to about 100 mg/kg.

An effective dose of the pharmaceutical composition com-
prising a nucleic acid that codes HSP27 of the present inven-
tion may be easily determined by considering factors such as
size, weight, degree of disease progression, age, physical
condition, gender, route of administration, and local or sys-
temic administration. In general, an effective dose of the
nucleic acid that codes HSP27 of the present invention
includes an intercellular concentration in a range of about 1
nM to about 100 nM at a disease area or an area nearby the
disease area. I[f necessary, the nucleic acid coding HSP27 may
be administered in a higher or lower concentration than the
range above.
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The nucleic acid coding HSP27 protein of the present
invention may be administered into a subject by direct injec-
tion, as itself combined with a delivery agent, or as a recom-
binant plasmid or a virus vector expressing the HSP27 pro-
tein. In the case of the virus vector, an amount of a
recombinant virus including the virus vector may be in a
range of about 10° pfu/kg to about 102 pfu/kg. The appro-
priate delivery agent includes lipofectin, lipofectamine, cell-
fectin, polymer cation (e.g., polylysine), or liposome. The
pharmaceutical composition including the nucleic acid cod-
ing HSP27 protein of the present invention may be delivered
into the cells using a gene gun, ultrasound, or electric shock.

Also, according to the present invention, HSP27 inhibits
phosphorylation of VEGFR2, and reduces the growth of vas-
cular endothelial cells, and thus may be used to inhibit growth
of vascular endothelial cells.

Thus, according to another aspect of the present invention,
a method of inhibiting the in vitro growth of endothelial cells
using HSP27 is provided.

HSP27 may be naturally occurring HSP27, HSP27 origi-
nated from recombination, or the variants of the proteins as
described above, and the inhibition of vascular endothelial
cell growth may be enabled by simply adding the naturally-
occurring HSP27, HSP27 originated from recombination, or
the variants of the proteins to the vascular endothelial cells
desired to be inhibited.

Also, according to the present invention, HSP27 protein
inhibits phosphorylation of VEGFR2, and reduces angiogen-
esis, and thus active substances for inhibiting angiogenesis
may be selected by selecting a material that increases expres-
sion of HSP27 among unknown materials.

Therefore, according to another aspect of the present
invention, there is provided a method of screening for active
substances for inhibiting angiogenesis based on the discovery
that HSP27 protein inhibits angiogenesis by inhibiting phos-
phorylation of VEGFR2.

The method of screening for active substances for inhibit-
ing angiogenesis comprises treating vascular endothelial cell
lines with each specimen; measuring the content of HSP27 in
each of the respective vascular endothelial cell lines; and
selecting a specimen in which the HSP27 content in the
vascular endothelial cell lines are increased as compared to a
control group.

Also, according to another aspect of the present invention,
there is provided a method of screening for active substances
for treating cancer based on discovery that HSP27 protein
inhibits angiogenesis by inhibiting phosphorylation of
VEGFR2.

The method of screening for active substances for treating
cancer comprises treating vascular endothelial cell lines with
each specimen; measuring the content of HSP27 in each of
the respective vascular endothelial cell lines; and selecting a
specimen in which the HSP27 content in the vascular endot-
helial cell lines are increased as compared to a control group.

The content of HSP27 may be determined by, for example,
measuring an amount of mRNA of HSP27 by using a North-
ern blot method or measuring an amount of expressed HSP27
protein by using an HSP27 protein antibody, and the method
may be any known method in the art.

Advantageous Effects

As described above, HSP27 or the nucleic acid coding
HSP27 according to the present invention is effective for
inhibiting angiogenesis, and due to the angiogenesis inhibit-
ing effect, the HSP27 or the nucleic acid coding HSP27 is
effective in treating various diseases that are related to angio-



US 9,149,505 B2

9
genesis. Also, HSP27 or the nucleic acid coding HSP27
according to the present invention may be effectively used in
treating cancer due to the angiogenesis inhibiting effect.

In addition, active substances for inhibiting angiogenesis
and active substances for treating cancer may be screened by
measuring changes in an amount of HSP27. The technology
according to the present invention is an advanced technology
that discovers new medical targets by systemic study of signal
transfer between proteins in cells and the signal mapping.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph showing the results of measuring changes
in growth of vascular endothelial cells due to VEGF by using
a MTT proliferation assay when HUVEC were treated with
HSP27 protein or HSP27 neutralizing antibody;

FIG. 2 is an image of the results of measuring degrees of
VEGF-induced phosphorylation of VEGFR2 by using a west-
ern blotting method when HUVEC was treated with HSP27
proteins;

FIG. 3 is an image of the results of measuring degrees of
VEGF-induced phosphorylation of VEGFR2 by using the
western blotting method when HUVEC was treated with
HSP27 neutralizing antibodies;

FIG. 4 shows images of thighs of mice of a control group
and an HSP25 only-administered group on 10 days after
starting HSP25 administration to mice after forming tumor in
the mice by injecting colon cancer cell lines to a thigh of each
mouse;

FIG. 5 is a graph showing results of measured volume of
tumor in each group of mice of the control group, the HSP25
only-administered group, a radiation only-administered
group, and combination of HSP25 and radiation-adminis-
tered group after forming the tumor in the mice by injecting
colon cancer cell lines to a thigh of each mouse.

BEST MODE

Hereinafter, membranes for alveolar bone regeneration
according to exemplary embodiments of the present inven-
tion will be described in greater detail with reference to the
attached drawings.

Experimental Method

1) Culture of cell lines to be used: Human vascular endot-
helial cells (HUVEC) bought from Lonza were cultured in a
culture chamber at a temperature of 37° C. in a 5 CO2 con-
dition using an endothelial growth medium (EGM) including
various growth factors necessary for growth of the vascular
endothelial cells.

2) Proliferation assay of vascular endothelial cells: The
cells were distributed in a 24-well dish with 7000 cells per
well and cultured at 37° C. in CO, for 24 hours.

Opti-MEM (available from GIBGO) including 1% fetal
bovine serum (FBS) (available from GIBGO) was treated
with 1 ug/ml of HSP27 (available from Stressgen, Canada) or
0.5 ug/ml HSP27 neutralizing antibody (available from
Stressgen, Canada) for an hour, and 30 ng/ml VEGF was
added thereto, and then after three days, MTT assay was
performed in the following manner: First, the medium was
removed, the cells were washed with a PBS buffer solution
twice, and then 100 ul of 5 mg/ml MTT (Thiazolyl Blue
Tetrazolium Bromide) solution was added to each well and
allowed to react at 37° C. for 4 hours. After removing the
MTT solution, 200 ul of 4 mM HCI solution was added to the
cells, the solution was shaken in Shaker for 15 minutes to
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allow the reaction to occur, and light absorptivity was mea-
sured in a contrast wavelength range of about 620 nm to about
590 nm.

3) Protein analysis using electrophoresis and immune
response: To analyze protein in the sample, polyacrylamide
gel electrophoresis (PAGE) was first performed, and then a
western blot was performed. The sample cells were sus-
pended in a dissolution solution of 120 mM NaCl, 40 mM Tris
(pH 8.0), and 0.1% NP40 to burst the cells. Next, a predeter-
mined amount of proteins was segregated according to their
molecular weights by 10% SDS-PAGE, and then the proteins
were moved to a nitrocellulose membrane and analyzed with
immunoblotting analysis.

Example 1

Confirmation of Growth Promotion of Vascular
Endothelial Cells of HSP Neutralizing Antibody

HUVEC lines were treated with 1 ug/ml HSP27 protein or
0.5 ug/ml HSP27 neutralizing antibody for an hour and then
treated with 30 ng/ml of human vascular endothelial growth
factor (VEGF). After 3 days, the degrees of cell growth were
measured with the MTT analyzing method. The results of the
degrees of cell growth of an HSP27 solely-treated group, an
HSP27 neutralizing antibody solely-treated group, a VEGF
solely-treated group, a VEGF and an HSP27 combined-
treated group, and a VEGF and HSP27 neutralizing antibody
combined-treated group are shown in FIG. 1.

FIG. 11is a graph showing the results of measuring changes
in growth of vascular endothelial cells due to VEGF by using
a MTT proliferation assay when HUVEC were treated with
HSP27 protein or HSP27 neutralizing.

Referring to FIG. 1, a growth rate of vascular endothelial
cells of the VEGF and HSP27 combined-treated group was
lower than that of the VEGF solely-treated group. A growth
rate of vascular endothelial cells of the VEGF and HSP27
neutralizing antibody combined-treated group significantly
increased compared to that of the VEGF solely-treated group.
Each of the HSP27 solely-treated group and HSP27 neutral-
izing antibody solely-treated group did not show any change
in a growth rate of vascular endothelial cells.

Example 2

Confirmation of Promoting Effect of VEGFR2
Phosphorylation of HSP27 Neutralizing Antibody

HUVEC lines were treated with 1 ug/ml HSP27 protein or
0.5 ug/ml HSP27 neutralizing antibody for an hour and then
treated with 30 ng/ml of human VEGF for 5 minutes. Then,
the cells were fractioned, and a western blotting was per-
formed using phospho-VEGFR2, VEGFR2, and HSP27 neu-
tralizing antibody (available from Stressgen, Canada). The
western blotting was performed using a -actin antibody to
confirm equal loading. The results of measuring of phospho-
VEGFR2, VEGFR2, and HSP27 in a HSP27 protein-treated
group are shown in FIG. 2, and the results of measuring
phospho-VEGFR2, VEGFR2, and HSP27 of an HSP27 neu-
tralizing antibody treated group are shown in FIG. 3.

FIG. 2 is an image of the results of measuring degrees of
VEGF-induced phosphorylation of VEGFR2 by using the
western blotting method when HSP27 proteins were treated
with HUVEC.

FIG. 3 is an image of the results of measuring degrees of
VEGF-induced phosphorylation of phosphorylation of
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VEGFR2 by using the western blotting method when
HUVEC were treated with HSP27 neutralizing antibodies.

Referring to FIG. 2, when the cells were pre-treated with 1
ug/ml and 3 ug/ml HSP27 proteins, it was confirmed that
VEGF-induced phosphorylation of VEGFR2 significantly
decreased. On the other hand, the amounts of VEGFR2
expression and HSP27 expression were not affected.

Referring to FIG. 3, when the cells were pre-treated with
HSP27 neutralizing antibody, it was confirmed that VEGF-
induced phosphorylation of VEGFR2 significantly increased.
On the other hand, the amounts of VEGFR2 expression and
HSP27 expression were not affected.

Example 3

Confirmation of Cancer Formation Inhibition of
HSP27 in a Mouse

A total of 28 Balb/C nude mice were divided into 4 groups
by 7 mice per group, and each group was named a control
group, an HSP25 only-administered group, a radiation only-
administered group, or the combination of HSP25 and radia-
tion-administered group.

1x10° mouse colon cancer cell lines CT26 were injected to
athigh of'each ofthe Balb/C nude mice, and when a size of the
tumor became 200 mm?®, 2.5 ug of HSP25 protein was
injected to the tumor area, and 8 Gy radiation was partially
irradiated 1 day after the administration of HSP25 protein.
HSP25 protein was injected twice with an interval of three
days, and then a size of the tumor of each mouse was
observed. The control group was not treated with HSP25
protein and radiation, but instead, bovine serum albumin
(BSA) at the same amount as HSP25 was injected. The
HSP25 only-administered group was not irradiated but
injected with HSP25 only, and the radiation only-adminis-
tered group was only irradiated without the administration of
HSP25.

Next, images of thighs of the mice of the control group and
the HSP25 only-administered group on 10 days after starting
HSP25 administration are shown in FIG. 4.
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Also, the results of measuring a volume of the tumor of
each administration group according to date passed after
starting HSP25 administration are shown in FIG. 5.

Referring to FIG. 4, it is shown that HSP25 protein inhibits
excessive formation of tumor blood vessels and inhibits
growth of colon cancer cell lines. Also, referring to FIG. 5,
when HSP25 was administered together with radiation, it is
shown that a cancer cell growth inhibiting effect significantly
increased. Thus, when HSP25 is solely administered, cancer
growth may be inhibited, and in addition, when HSP25 is
administered as combined with radiation, an anti-cancer
effect may be significantly further increased.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims.

The invention claimed is:

1. A method for inhibiting angiogenesis, the method com-
prising selecting a subject in need of inhibiting angiogenesis;
and administering to the subject in need of inhibiting angio-
genesis an effective amount of a pharmaceutical composition
comprising a heat shock protein 27 (HSP27), thereby inhib-
iting angiogenesis.

2. The method of claim 1, wherein HSP27 is a recombinant
protein.

3. The method of claim 1, wherein the angiogenesis is
accompanied by growth and metastasis of a malignant tumor,
age-related macular degeneration, rheumatoid arthritis, dia-
betic retinopathy, psoriasis, chronic inflammation, or a com-
bination thereof.

4. A method for treating cancer, the method comprising
selecting a subject with cancer; and administering to the
subject with cancer an effective amount of a pharmaceutical
composition comprising a heat shock protein 27 (HSP27).

5. The method of claim 4, wherein the cancer is colon
cancer, pancreatic cancer, colorectal cancer, prostate cancer,
kidney cancer, melanoma, bone-metastatic cancer in prostate
cancer, ovarian cancer, or hematologic cancer.

#* #* #* #* #*



